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. July 30, 1952

Dt—- Levl' 7'0 Buts’
0ffice -of Naval Rasearch
Yashington 25, D. 0, S
Re: ONR Project No, H¥onr-807(00)

Dear Dr;, Buts:
o

With this letter are 4 coplies of our first tecbnical report
on the subject contract, which covere rezearch on methods of making
perchloretes wvhich do not require platinum, This report covers the
wvorking period from hbmiry/ through June, 1952,

e .

Right novw, the outua of this project 1s about &s follows:
The acid dhproportionation method looks good as a practical procedure
whish 0an be enginesred to full scals production., We do not yet
now hov the economics of this method will compare with those of the :
eurrent electraolytic procaess, but the procedure does not appsar to
require any highly critical construction matarials, On this method,
i peints: remaining %o be cleared wp include selection of construction
materiale, and proof that chlorine dioxide which is 1iberated during
the dhpropqruonat{on can he -effectively absorbed in-alkali and
-electrolysed dack to chlorate,

‘The lead dioxide work appears to be coming to an unravorabdle
conclusion, Although the life of lead dioxide-coated elecirodes has
Deen greatly inoreassd, and some tests have successfully passed 5-1/2
-days of operation, the lit’e of the electrode would still have to be in-
creased mny fold bBefore large scale use could be contemplated, We
are continuing our studies in this direction, dut are not coptimistic
about ‘the successful use of lcad dfoxide anode:. )

R

AT L

~ We - have not yet completed our sgreement wiih Carborundum

- Oorporation, who vill assist ue: {n preparing and -evaluating various

4 ) types-of silicon-silicon earbide anodes, Some miscellanecus specimens
i ‘have -Deen: received, but these have-not shown substantial improvement

'
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- Dr, Lewis W, Buts -2- July 20, 1952
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in the elimination of the unfortunate spalling exhidited by silicon- E
silicon carbide materials in perchlorate electrolysis. !

Of a small number ¢f miscellansous anode materials received

- and tested during the current contract, a tantalum carbide containing

b 17 wt. % of platinum vas the only one that -gave favorable results, Of
course, use of this material could only mitigate the platinum require-
ment currently experienced, and then only if the. material ecan be made
into forme of high surface-to-volume ratio, This latter point is being
checked with the manufacturer befare any additional recommendations

for research can be mde, i

Our meeting with you the other week indicated that our ‘
directions of effort are still in harmony with the requirements of
ONR, We intend to continue research on all three phases of this pro-
Ject, with special emphasis on & larger laboratory scele tesiing of the
acid dieproportionation method,

Very truly yours,
. ¥, Call, Director
Inorganic Research Department
R, and D, Division

J¥0/or

(Distridution 1ist attached)
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‘,érchlorate; Research Leading Toward the Development of Selected
to Produce Sodium Perchlorate Without the Use nf Platinum (Project
¥ 352-304/2-1-52; Contract Mumber Nomr - 807 (00)

ongrer b 4»:{;; PRI /@ZJ A s W
U " [

4;6 1nvestiga£;’;;§£35§hfor production of sodium perchlorate without the
use of platinum; to include, bubt not necessarily be limited to, the

following:
N

the use of wnodes comprising silicon - silicon c.rbidggég _
£2).  the use of lead dioxide corted anodes; awd () i
(3 the disproportionation of sodiwn clhlorate in acid solution,

SUIMARY

1. This report covers the work donec during the months February
= through June, 1952, under contract KONR - 809 (00) which cal
for research on selected methods as recommended by Project
MR 352-263 to produce sodium perchlorate without the use of
platinun,

2. Labvoratory assistance from the Carborundum Company at Niagara
Falls is bein,; soucht to mnke anodes of silicon-silicon cerbide
mixtures of several compositions and by several procedures, in
an attempt to overcome the spalling characteristic of the "Durhy” ‘
rod as reported in project KR 352-243. Carvorundur Company hes
submitted several such anodes, in partial fulfilipmert of this
object, none of which have proven satisfactory.

@

3. Several miscellaneous materials received too late to be included
in the previons contract were tested. Only 7ne of these,
tantalum carbide with 17 weirsht percent of platinum from the
Carboloy Department of the General Tleciric Company gave favorable
results in preliminary testing.

L, TLead dioxide plated anodes were prevared from several plating
baths and on several base materials, All of those on a metal
btase other than tantalum failed almost immediately, althow-h
the deposits appeared sound. Failure was caused by microscopic
pinholes in the coat, resulting in rapid local attack on the
base matericzl.

5. More durable lead dioxide plates were formed on tantalum and on
cast silicon, materials that polarize in the perchlorate cell
-and are- not subject to anodic attack, Thess anodes ultimately

i falled either because the lead dioxide was slowly croded away,

e -or because the plate bocame loosened from the base and fell off,

T : However, in a few of the runs a substaniial amount of current

- passed before the anode failed.
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The optimum safe condition for the production of perchlorate by
the disproportionation of sodiwum chlorate in sulfuric acid has
been found to be an acid concentration of 707 &t 93°C., or 837
acid at 69°C. Yields of 36% conversion of sodium chlorate to
perchlorate have been achieved. These yields gre close to theory
and chlorine dioxide is the mnajor reduced product of the reaction.

When verchloric acid is used in place of the sulfuric acid in the
disproportionation procedurs & 323 conversion of sodium chlorate to
perchlorate is obtained with 71% acid at 69°C. This yield com-
pares favorably with the sulfuric acid process.

Work has been dona to resolve the problems of recovering perchlorate
values from the dispreportion method. For the svlfuric acid
procedure perchloric acid cen be seporcted Ly wociy di343)lation

or asmoniur and potassium perchlorate can be recovered ty a fractional
crystallization method. When perchloric acid is uvsed in this process
sodium perchlorate can ve recovered »y direct crystallization.

CONCIASIONS

No anode materinl has been found to date that works as well es
platinum for the production of perchlorates.

More oxtensive -experimental work must ve done tefore silicon-
ailicon carbide anodes can be fully evalunted,

Tenbalum carbide-platinum composition must he gtudied further
as anode moterial in the perchlorate cell.

The 'most practical way to form commercial anodes of lead dioxide
appears to be by electroplating it on an inert base materisal.

To date, lead dioxide anodes have been found to te eroded at a
substantial rate during the electrolysic of chlorate to perchlorate.

The reaction for the disproportionation of sodium chlorate in
strong oxide 15:.

HpSOy, + 3MaCloy ___y MaCl0y +20105 + NapSOy + Had
(Zic10y) 7 (2NaC10y)

When Cl, is formed it appears to come from the decomposition of
chlorine dioxide and not from sodium chlorate..

The above roaction can be controlled and yields close to theory

- for both sodium perchlorate and chlorine dioxide can be realized,

and the recovery of perchlorate as perchloric acid, sodium
perchlorate, ammonium or potassium perchlorate is possidvle.

NDATIONS

RECONT

Hone this quarter.




LABORATORY STUDY

Electrochemical Oxidation of Sodium Chlorate-
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Silicon-Silicon Carbide Mixtures (Carborundum Company)

Laboratory assistance from the Carborundum Compeny at Niagara
Falls, N.Y, has been sought to fabricate anodes of silicon-
8ilicon carbide mixtures of several compositions and by several
procedures, in an attempt to overcome the spalling characteristi?
of the Durhy rod as reported in Project MR 352-263. (See final
research report-Investigation of Methods to Produce Sodium
Chlorate Without the Use of Platinum - Part II Laboratory Work -
Project MR 352-263/2-19-51 Contract No. WONR 372 (00) - Office of
Naval Research - by Pennsylvanie Salt Manufacturing Co. R&D staff)
Of the twelve samples of Durhy material submitted by the
Carborundum Company in partiel fulfillment of this contract, -either
anode polarization or spelling of the Durhy rod was observed as
reported in last year's work. (see Final Report, j1ee. ecit.)
The results of these tests are shown in Table I, =~

This spalling phenomenon was not observed when Durhy was used as
an anode in salt brine electrolysis or as a cathode in the
chlorate-perchlorate cell, 4Also, the spalling phenomenon was
not notod when either top water or sodium chlorate solution was
dripped on Durhy rod material heated by a current of 8 amperes.
However, when the Durhy material was used as en anode in an
electrolytic cell containing pure sodium perchlorate solution,
the same spalling phenomenon was observed as in the chlorate-
perchlorate cell.

A piece of cest silicon rod polarized almost immediately in the
chlorate-perchlorate cell. (See Table 1)

A trip to the Carborundum Company will be scheduled in the near
future to discuss new preparation -of :silicon-silicon carbide
compositions,

Lead Dioxide Coated Anoqgs

The -equipment used for the anodic electroplating of lead dioxide
in ‘the work on Project NR ‘352-263-2/19/51, underwent somes minor
changes. The cell body was -standardized to a two liter dheaker,
and the- cathodes were chanzed to two inch wide strips of 1/16
inch thick lead shoet., Three of these lead strips were centered
at 120 degree intervals elong the inside circumference of the
.cell, and -extended to the bottom:0f the-cell, with a one inch
bend:-along the bottom of the cell to- provide  good covering power
in plating the lower end of the ancde :rod.
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The feasibility of using lead as a base metal for -the anodic
plating of lead dioxide was investigated under various plating
conditions. The lead was cast into rods 9/32 inch in diameter
in silicone coated glass tubes, Satisfactory lead dioxide
deposits could not be obtained dus to the simultaneous and
rapid anodic erosion of the lead, and scum formation over tne
anode surface,

The lead dioxide plating of monel rod was contimued with
different plating baths., Compogitions of these baths are given
in Table 1L. From the alkaline tartrate bath #7P, -a -smooth
lustrous black deposit was obtained, and from the -acid bath
#LP-1, the deposit was gray with a satin finish., In all cases,
the monel was rapidly eroded in the perchlorate cell -when the
continuity of the Pb0; deposit was broken. This occurred in
one %o two hours or less when electrolyzing at an anods -current
density of 0,2 amps./cm? (186 amps./ft.2).

It was then decided to plate lead dioxide on base materials

such as tantalum, cast silicon, Durhy (silicon carbide), or
magnetite which either polerize or do not erode in the perchlorats
cell. This was considered more promising than plating on easily
eroded metals, or trying to prepare a pure lead dioxide anode

as wos done by the Japanese (3), because of the comparatively
high resistance of lead dioxide alone, as well as the difficulty
in making and handling snodes. made -of pure lead dioxide,

Durhy #1 rod was plated with lead dioxide in a 7M bath, The
deposit was bright but not contimuous, and was poorly adherent,
This plated rod polarized in Iess than one-half hour in the
perchlorate cell. It is suggested that the non-continuity and
poor adherence of the lead dioxide may have been due to -the
extrems roughness of the Durhy #I surface. A rectangular
shaped stick -of Durhy #2 with two sides polished has been
received from Carvorundum Co, and will be plated with Xead
dioxide for testing in the perchlorate cell in the near future.

A smooth, adherent electrodeposit of lead dioxide on cast silicon
rod,, was readily obtained, This electrode gave promising results
in the perchlorate cell, operating for 11l ampere hours per gram
of PB0, deposited. As the silicon began to polarize, 1%
shattered, Additional samples of cast silicon will be requested
from Carborundum Co. for further tests with leAd dioxide deposits
from different plating baths.

The major effort on lead dioxide plating was carried -out -with
tantalum rod and sheel, and with tantalum drawn over-a-copper rod
core, As ‘the work progressed, L/4 inch diameter tantalum rod
was used almost -exclusively, being in greater supply. Of the
highly alknline tartrate baths 7M, 7N -and 7P, the best deposit

b St

L)




1P-1

LP-2

TABLE Il

meposition of Lead Dioxide Plating Baths

pH = ca. 13

50 gms, potassium sodium tartrate, KNaCyHj0g#Ho0
25 gms. sodium hydroxide, NaOH
48 gms. lead oxide, PvO

Dissolve in one liter of water ot 4#0° - 60°C, Pilter
when temperature is below 40°C,

pH = ca. 13

50 gms. potagsiwn sodiuvm tartrate, Kﬁacaﬂb06°4H20
50 grs. sodium hydroxide, NaOH
40 gms. lead oxide, PbO

Dissolve in one liter of water at 40°-60°C., Filter when
temperature is below 40°C.

pH = ca, 13

50 gms, potassium sodium tartrate,KaCylin0g-4Ho0
10 gms, sodium hydroxide, NaOH
40 gms. lead oxide, PbHO

Dissolve in one liter of water at 40°-60°C, Filter when
temperature is below 40°C,

Yo free HC10, ; 4,74% lead; pH = 5.0

108 mls. of %0.353 perchloric acid (100 gms. HC10y)
167 mls. water

111.0 gms, lead oxide, PbO

First prepare 307 HC10, by diluting the 605 acid with water.
Then dissolve the litharge at room temperature. Add sufficient
distilled woter to make 2 liters, Heat to boiling (102°C.) for
2-3 minutes to dissolve white precipitate, Cool and use,

(2.01% free HCL0); 4,654 lead; pI = 0.65)

155 mls. of 60.3% perchloric acid (144 gms. HCLOp)
241 mls. waber

111.0 gms, lead oxide, P10

Prepare- this bath in the same manner as LP-l, except that it is
not necessary to heat after diluting Vo 2 liters, since no
precipitate forms.




TABIE II - con't,

(5.145 free HC10y: 43615 lead; Tl = 0,32)

232 mls, of 60.3%’ perchloric acid (215 grams nclob)
360 mls, water

111,0 gms. PbO

Prepare this bath in the same manner as LP-2, Dilute to
2 Yiters..

(o fres HC10y; excess P10) 6,985 lend; pH 6 6,1)

108 mls. of 60.3% perchloric acid (100 gms. HC1O,)
167 mls, weter
167+ gms. lead -oxide, PO

Prepare this bath in the same manner as LP-1, except it is
necessary to boil the solution after dilution to 2 liters
for several hours to dissolve all the litharge.

(Basic, with excess Pb0; 8,99 lead; pH - 7.0)
108 mls. of 60.35 perchloric acid (100 gms. HC10y,)
167 mls, water

221 ¢mg. lead oxids, PbO

Prepere this bvath in the same manner as 1P-J;. Dilute to
2 liters,

i
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from the standpoint of smoothness: -and adherence was obtained b
from 7M, operating at 55°C. and a current density of 0,7-1.5
» émps, /262, The highest perchlorate cell 1ife was obteined with
; a thin (4 gms. P10,/ft.2 electrode surface) coating from this
bath, Thesse alkaiine baths were developed from information
contained in an expired patent (1).

e e v o

Another series of lead dioxide plating baths was based on lead
perchlorate, These perchlorate baths were formulated from
information published by Mathers (2), IP-1 conteins stoichio-
metric equivalents of lead oxide (Pv0) and perchloric acid.
LP-2 and LP-3 contain increasing excesses of perchloric acid.
LP-A and IP-5 are essentially the LP-1 formula with increasing
excesses of lead oxide. In the latter cases, the baths had to
be boiled for several hours to dissolve the excess lead oxide,.
Compositions and pH values of these baths are given in Table II,
The character of the deposits from the acid perchlorate baths
was entirely different from that obtained from the highly alkzline
taths previously mentioned. Baths ™, 7N, and 7P generally gave
& hard, lustrous black deposit, while the deposit from the acid
LP baths (IP-1, LP-2, LP-3) was gray with a satiny etched finish,
4 dull dlack deposit plated out from the more basic LP-4 and IP-5
baths, The highly alkeline tartrate baths were found to be very
sensitive, ‘and it was quite difficult to obtain a verfect, adherent
deposit free of blisters, especially when thick coatings were
desired. Smooth deposits free of imperfoctions were easily
= ottained from the IP-1 ‘and LP-5 perchlorate baths -operating at
:]E 25°C.  LP-2 and LP-3 gave uneven deposits, and deposits from IP-4
Aeveloped fine hair cracks on aiy rying. Almost all Yead dioxide
Pluting was carried out at current densities renging from 04 to
1.5 amps.1l f£t2.

The lead dioxide plated tantalum electrodes which were of at least
fair quality werg tested as anodes in a perchlorate cell operated
at 0.2 amps. /em“(186 amps,/£t%). As the testing of these
electrodes continued, control of the variables in the operation

of the perchlorate cell was gradually developed, 4n attempt at
D control of the electrolyte was begun by small manusl additions
of 0.1F to 1N hydrochloric acid. It was then found that the pH
veried widely within the celi, Therefore, contimuous stirring

nf the electrolyte has been adopted as standard practise, It

has also been found more convenient to use platinum coated
tantalum sheets for cathodes in Dplace of steel sheets, which
corroded and discolored the electrolyte, A refinement added
later, was the development of a PH control device for the
automatic addition of controlled -amounts of acid 4o the cell at
-equal intervals to maintain the -eXectrolyte slightly acid, pre-
ferebly in the rangs of pPH 4 to 6. Cell current -has been
maintained constant by the use of an elsctronic controller.

Any desired cell temperature can be maintained by immersed cooking
coils through which is circulated coolant from-an Aminco )
refrigerator-heater bath, It was found that when the perchlorate

¢




‘cell was operated at 25°-30°C., a considerably larger amount
of hydrochloric acid addition was required to maintain the pH
on the acid side, than when the cell was cooled to 2°-5°C.

The results of erosion tests of the lead dioxide plated tantalum
anodes in the perchlorate c¢ell have not. been entirely consistent
nor sabtisfactory to date. However, it is felt that considerable
progress has been made in understanding and solving the problems
involved in plating and testing of lead dioxide coated electrodes,
The most serious problem has been the cracking and breaking loose
of supposedly adherent deposits from tantalum and other electrodes
which normally polarize anodically after a short period of
electrolysis in the perchlorate cell, The cracking of the lead
dioxide often occurred very soon cfter the slectrode had been
replaced in the perchlorate cell after having been removed at the
end of a previous day's run and stored overnight in air or water.

Attempts woere made to improve the lead dioxide acdhersnce by
various pre-pleting treatments of the tantalur,  The nost satis-
factory cleaning cycle was z 3/0 emery cloth and crocus cloth
rubbing following Ly cotton cloth wiping. A hydrofluoric acid
dip was definitely harmful, and various other chemical treatments,
including hot alkali-silicate detergent solution, nitric ecid,
cathodic cleaning in phosphoric aclid and cathodic cleaning in a
sulfuric and hydrochloric acid mixture did not show any benaficial
effect.

Another approach which did not improve electrode life, was to
plate the tantalum cathodicelly first with lead for 10-20 minutes
at five times the normal current density, and then continue normal
anodic lead dioxide plating. Also, as noted above, thin deposits
from the highly alkaline tartrate baths were hard, smooth and
quite adherent, but heavier deposits blistered. On the other
hand, heavy Pb0p, deposits from the perchlorate baths were free

of surface imperfections, but possibly less adherent. Therefore
a plating cycle was carried out in which the tantalum was first
given a thin deposit of lead dioxide in bath #7M, and the plating
was then contimied in the perchlorate #LP-5 bath. Electrodes
prepared in this -menner showed, on the average, a somewhat longer
life in the perchlorate ceXl than electrodes plated in elther of
the baths alone,

A brief summary of the lead dioxide plating and erosion testing
done during this period is given in Thble IIT,

It is planned to continue the plating and testing of lead dioxide
plated electrodes with spectel -emphnsis on increasing the
adherence of lead dioxide- to -the tantalum (or othsr similar base
metal), and decreasing cracking tendency or brittleness of the
lead dioxide, Several -other lead dioxide plating baths are %o
be tried, including those Lased on lead fluoborate and lead
fluosilicate. The Japanese- work with a lead nitrate bath will
be more thoroughly checked than was done 4n the preliminary

work under Project MR 352-263-2/19/51.
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3. Miscellansous Anode Materials

BT T ——————
Bk 000 bt T

3 Yarious samples from tbe Linde Air Products Co. were tested
as anodes: in the chlorate-perchlorate cell (See Tebdle 1IV),
All these materials polarized after a relatively short period
of operation.

Samples of titanium boride, TiB,; titanium carbide, TiC; and
zirconiunm boride, ZrBzg'from the American Electro Metal
Corvoration, 2ll eroded rapidly when used as anodes (Teble 1V).,

A sample of pure silicon metal deposited on a molytdemum core
wire from the Foote Minerzal Company was found to be too poor &
conductor to work as en anode in the chlorate-perchlorate cell.

Favoreble results have been obtained with repeated tests on &
sample of tantalum carbide containinz 1?7% platinum by weight
obtained from the Carboloy Department of General Electric Company.
Anode loss retes have varied from 1x10™° to 20x10-5 frams per
ampere-hour and current efficiencies o5 shown by electrolyte
analysis have been as high as ?70%(Tavle V).

This sample was prepared by powder metallurgy methods by the
Carboloy Co. in the form of a bar 8.3 cm.x 0,7 cm, x 0.6 om.
They state  that thin sheets or plates would be quite difficalt
T to fabricate, and would be limited to pleces of relatively small
<57 area,. Due to inherent hardness and brittleness, the metal
cannot be rolled into sheets by conventional methods. Plates
of TAC-Pt composition could be brazed to = material such as
copper, but methods providing complete enclosure of the base metal
would most probably prove difficult and at present are considered
impractical by the Carboloy Go. The value of the starting powder
materials approximates $280 per pound, of which amount approximate-
ly 903 is reprasented by the market value of the platinum con-
stituent,

Further -evaluation study is therefore necessary to determine the
practicability of using the 83% Tal, 17% Pt (by weisht) composition
as anode material in the chlorate-perchlorate cell.

B. Disproportionation of Sodium Chlorate in Acid Solution.

1. Regction Stuiy

The purpose of this phase of the work was to determine the
feasibility of and the optimun conditions for the production of
perchlorates by the disproportionation reaction of & chlorate such
ag- sodium chlorate in a concentrated strong acid. The major part
of our -effort to date has been in reactions with sulfuric acid,
although a few preliminary -experiments were carried oul with
perchloric -acid. :
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Yumercus. reactions are possible, depending on reactant concen-
trations, temperature, etc, between the limits of the two follow-
ing equations:

(1) Hp80y, + 3EaClOy ——3 NaCl0y, + 2010, + Na,50y, + H0

(2) HyS0y + 7HnCl03 —§ 5MaLl0y, + CLy + NapS0y, + 0

It may be expected tlat the separation of perchlorate from the
resulting complex mixture will require considerable resenrch efifort.

Scdium chlorate was introduced into the reaction as a concentrated
solution, 650 gms./l. This was found to be very satisfactory and
mich preferable to the use of solid sodium chlorate, which results
in violent local reaction. In a series of preliminary experiments,
the sulfuric acid ves held in an open pyrex vessel, and the sodiunm
chlorate solution was added dropwise, When all the sodium chlorate
had been mixed in with the acid, the temperature of the mixture was
raised to the desired point (60°-100°C,) and digested for periods

of 1/2 to 5 hours. The solution was flushed at all times with
nitrogen gas introduced through e fritted glass gus washing tube,

The weaction of 50% sulfuric acid with sodium chlorate sclution wus

too slow and miid., Using ]Q% sulfuric ecid, promising ylelds were
obtained in the temperature range of 70°~100°C, with a 3 hour re-

action period. Use of 83% sulfuric acid yielded more perchlorate

than 70% acid under approximately the same conditions. The re-

action of 96% sulfuric acid with the concentrated sodium chlorate *
solution tended to be violent and resulted in the immediate pre-
cipltation of a considerable amount of solids at or near room .
temperature, These solids dissolved at about 70°C., but heavy :
foaming of the reaction mixtcre occurred at this elevated termpera- ;
ture.. Although the yield from one experiment with 9635 sulfuric i
acid was good, it wns decided to cerry out further work with the

705 and 83% acid,

In order to determine, infurther experiments with sulfuric acid,
vhether any perchloric acid was beingz distilled out of the reactor
during the heating of the chlorate-acid mixture afier they had dbeen
mixed at room temperature, and, also, to determine the composition )
of the reactor vapors, especially in regard to oxidizing pover, a s
closed reaction vessel was used., The reactor vapors were flushed
out with nitrogen and absorbed in a train of two 8% sodium hydroxide 7
golutions of 125 mla, sach, Ths reaction mixtures, except as

otherwise noted, conaisted of 90 mls, of swlfuric acid of given
strength and 38.5 mls. of a 650 gms./l, NaCl03 solution (25 gms.

NaCl04). For 705 acid this gove an HoSOL/y.min. Weislis ratio of »
4.1, and for 83% acid, the ratio was 5.3. he “following varinbles :
were studied with 704 and 83% sulfuric acid: (1) reaction temper- .
ature, and (2) ratio of acid to chlorate. :
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The- reactions with 70% acid were carried out at 69° and 93°C.
with reaction periods of 3 to 6 hours. At 69°,the conversion

of sodium chlorate to the perchlorate fell in the renge of 11 to
22% for the above. resyective reaction times, At 93°C, the

yield was about 337, practicelly independent of reaction time.
The conversion of sodium chlorate to the perchlorate at 69°C.
when using 83% sulfuric acid ranged from 29 to 33% for reaction
periods of 3 to 6 bours respectively. Attempts to heat a mixture
of 83% sulfuric acid and concentrated sodium chlorate solution to
93°C, resulted in modernte explosions at about 78°~-80°C. At
bhese uemperatuaes the concentration of yellow chlerine dioxide
in the reactor vapor space increased too rapidly to be carried
away by ony practicable {low of nitrozen.

From-analyses of the ebsorber solutions for oxidizing power and
chlorine content, the cormposition of the reactor vapors was
expressed as ver ceut chlorine and chlorine dloxide, With 705
acid reacted at 69°C., the composition ¢f the reactor vapors

could te considered as 100” C10,, and when the reaction termer—
ature was raised to 93°C., the C10p content drozped to. 24/(76,; Cl,).
Yhen reacting 83p sulfuric acid with sodium chlorate solution and
heating %o 69°C., the Cl0, content of the absorted reactor vapors
ranged #rom 88 to 853 (12 to 155 Cly) for remction porieds of 3 to
6 hours respectively,

As the ratio of the weight of equivelent 1007 H 550, to the weirht
of equivalent solid sodium chlorate was increased from 2.6 to 8.1
when reacting 701 acid at 93°C., the conversion of sodium chlorate
to the perchlorate rose from 28 to 365. At the seme time the
€10, content of the absorbed resctor vapors dropped from 48 to 237
(5270 77% Clg) Vhen reacting 83% acid in the acid-chlorate
ratio range of 3.4 to 10.5, from 30 to 35% of the sodium calorate
was converted to perchlorate respectively at 69°C. Under these
conditions, the absorved reactor vapors ranged in composition from
93 to 84% C10 (7 to 16% C1,). The reaction period for all
experiments in this series was 4.5 hours,

In interpreting the above ylelds, it should te noted that for a
reaction exactly following equation (1) =zsove in which chlorine
dioxide 1s the only oxidizing gas given off, a 33. 3% conversion
of sodium chlorate to perchlorate represents the maximum possitle
yield, while for equation (2) where chlorine is the only oxidizing
cas given off, & Tl.4% conversion represents the maxirmum possible
yield. 1In most of the above experiments in which the reaction
sulfuric acid and sodium chloratse were carried out, a con-
gide¢-able amount of chlorine dioxide was formed. Thus, the
yields micht be etpected to e closer to the lower value for
equation {1). Zven in those casges vhere the reactor gases as
absorbed. in sodium hydroxide solubtion -are analyzed as having
been to a largoe degree chlorine, it is pogsidle, and even likely




that the geses just as they evolved from the reactor solution
contained a higher percentage of chlorine dioxide. Bfown(“) (
has found that in the gas phase, chlorine dioxide undergoes : j :
thermal decomposition into chlorine and oxygen. This reaction : :
rate rises repidly with temperaturo, especially above 60°C. N f
In agueous solution, chlorine dioxide may undergo catalytic f :
hydrolysis into chloric and hydrochloric acids., If no catelyst ’

is preseni, the solutions are stabls, even at 96.5°C. ‘

Distillation -or carry over as mist of perchloric acid from the
reactor was found to be negligible at the reaction temperatures
used (93°C. max.) Algso there was little or no chloride. formed
in the reaction of sulfuric acid and sodium chlorate.

During the course of these experiments the obseryation wes mede
that as the mixture of 707 sulfuric acid and concentrated sodium
chlorate colution is heated, there is a continuous Iveluticn of
strong :r yellow vapors until the temperature reaches 90°-93°C.,

at which point the evolution of the yellow vapors stops -sharply.
For 835 sulfuric acid, this characteristic temperature is.$7-69°C,
These then were considered tc be the minirmm desirable temper-
atures for carrying out the formation of perchlorate, -When the
83% sulfuric acid and chlorate mixture wes heated to 75°C. -and
higher, there was a reappearance and very rapid increase in
concentration of the yellow vepors with the mixture exploding at
about 80°C, Wo attempts were made to carry out any experiments
with 70% acid above 93°C. These observations apply to the series
of experiments in which the reactor vapors were confined and swept
through en absorbing train of caustic solubtions by nitrogen bubbled
through the reactor solution. 1In a preliminary experiment in
which the reactor was completely open to the atmosphere, & similar
mixture of chlorate and 83% sulfuric acid could be heated to 102°C.
without exploding.

The reaction of 70% and 83% sulfuric acid with sodium chlorate
solution was also carried out by slowly adding the sodium chlorate
solution to acid elready preheated to the reaction temperature
rather than nixing at room temperature and then heating. The
yield of sodium perchlorate was not appreciably affected by this
change in reaction technique, However, the composiiion of the
ovolved reactor vapors was radically changed. With 708 sulfuric
acid, the chlorine dioxide content dropved from about 245 to 0F
(76% to 100% Cly), and with 83% sulfuric acid, the chlorine dioxide
content dropped from about 835 to 0% (12» to 1005 Cly). A number
of experiments were elso carried -out in which air was substituted
for the nitrogen used in flushing out the reaction vessel, This:
change hed no effect on the yileld of perchlorate or the composition:
of the reactor wvapors.

- 17 -
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One ‘adventage in using 83% sulfuric acid for carrying out the
disproportionation reaction is that considerably less unreacted
sodium chlorate remains in the reaction mixture. The presence
of an appreciable amount .of unreacted sodium chlorate could
cause difficulties in the separations for the recovery of perchlorate !

-ag- discussed in section B2 of this report. At the end of an '

average reaction period of 4.5 hours, approximately 2% sodium
chlorate romains unreacted, In contrast, with 704 sulfuric acid,
approximately 15% sodium chlorate remains unreected after 4,5 hours,
This is somewhat counterbalanced by the possibvility of the reaction
with 839 sulfuric becoming violent in case the reaction temperature
is not closely conirolled. ,

It has been established in a few experiments that perchlorates may
be made by heating sodium chlorate with perchloric acid., When
reacting 60,3% perchloric acid with concentrated (650 g./ 1.)

sodium chlorate solution, the mixture must be heated to 93°C. to
obtain an appreciable conversion (163) of the -sodium chlorate to
perchlorate, With 70.7% perchloric acid, 324 of the sodium
chlorate can be converted to perchlorate at 69°C., which practically
equals the best yield: obtained using sulfuric scid. The reactor
vapors in this case were found to be 985 chlorine dioxide. Raising
the reaction temperature with 70,77 perchloric acid to 93°C. did not
increase the ylold of perchlorate, In the above reactions, the
initial HClO@/NéC}O ‘weight ratio with 60.3% perchloric acid wes

3.5 and with 70,77 3ap£d it was 4,5. The batchcharge in each caese
wos 9%.2 mls, of perchloric acid of the given :etrength and 38.5 mls.
of a 650 g./1. NaC105 -solution ( 25 gms. HéClOB)a

Recgvery of Perchlorate

The following methods of recovering perchlorate from solutions
resulting from the digproportionation of chlorate in strong acid
solution are being considered: -

(1) froctional crystallization

(2) precipitation of potassium perchlorate or ammoiium
perchlorate by the addition of potassium chloride
or ammonium chloride.

(3) addition -of anhydrous HClL to precipitate sodium
ion as sodium chloride, filtering, and heating
to drive off excess HCl., Pure perchloric acid
should remain when it is used as the strong acid
in the disproportionation of chlorats.

(4)  same a5 (3) except vacuum .distillation will he
necessary to separate perchloric-acid from the -
concentrated sulfuric acid when -sulfuric acid is
used -as: the strong acid in the disproportionation
of chlorate, '

(5) vacuum distillation of perchloric acid from solutions
regulting from the disproportionation of chlorate
in strong sulfuric acid. Even if this is possibdle,

- 18 - : - !




sodium will remain behind in the still residue :as
sodium acid sulfate, This salt may be removed by
cooling the still residue, but some acid valuss:
would. then be lost,

‘Method. (1) (fractional cryastallization) was. shown to be impractical
since solubility studies indicated that sodium perchlorate was too ‘
soluble at 0°C, in sulfuric acid gsolutions to be crystallized out ; 1
of solutions of the low perchlorate concentration resulting from 3
the disproportionation of chlorate in concentrated sulfuric acid
:solution.

‘Method (2) (precipitation of perchlorates) has shown considerable ‘ 3
promise in work to date,

The following method was found to yleld about 9q% of the perchlorate
present in the disproportion reactor solution as ammonium and :
potassium perchlorate, Up to 45% of the perchlorate can be 2
recovered as the ammonium salt and about 45% as the potassium :
perchlorate by the following procedurs:

For every mol of sodium perchlorate in the reactor
solution add 1,3 mols of ammonium chloride.-as the dry k
salt, If -all of the -solid does not dissolve heat %o

60°C, for fifteen mimutes, and stir constantly. Cool

to 2°C, and filter while cold through a sintered glass
funnel using vacuum, The precipitate is removed and
slurried with ice water, using about 1/7 of the original
solution volume, filter and wash with cold water using

1/80 of the original solution volume. The ice water
precipitate is again slurried with sbout 1/14 -of the
original solutlon volume, filtered, washed as before, and
vecuum dried. This will yield about 45% of the perchlorate
present as ammonium perchlorate, estimated to contein less
than 14 of sulfate,

The combined filtrate from the above preparation is warmed
to 60°C, and one mol of potassium chloride added for each
mol of sodium perchlorate present in the original solution. 2
After fifteen minutes the :solution is cooled to 2°C, and :
filtered and washed as in the ammonium perchlorats pre-
cipitation except that all washing and filtering is:-done
at room temperature, This will yleld another 45% of the
perchlorate as the potassium salt,

Method (3) (addition of aphydrous HC1) has not yet been-thoroughly
studied, lHowover, preliminary expsriments indicate that abvout
0% of the sodium ion remaining in the filtrates from fhe -ammonium
and potassium perchlorate precipitations may be pracipitated as
sodium chloride from the- sulfuric acid solution by saturating it j
with anhydrous HC1.

ASbes rertadt
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Mothod (4) has not been -experimentally studied to dats..
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Method (5) (vacuum distillation of perchloric acid) has been
shown to be practlcal., By working witha synthatxc reactor
golution of the following composition:

NaC10y°Ho0 - 90.2 grams
Tin,S0 - 91,0 "
Hc.so,iL 95.5%) - 435 mis.
nzo - 572 n
Total volume = 1000 mls,

it was found that 955 of the perchlorate could be recovered as
perchlorié acid by vacuunm distillation. In a typical run

250 ml, of the synthetlc reactor solubtion was charged into a
standerd distillation apparatus. To- prevent bumping and the
Tormation of solid hydrates of perchloric acid steam was slovly
bled into the boiler through & capillary tube.. At a vocwum of
between 27 and 27 1/9 inches the first condensate of weter was
observed. between 41°C, and 45°C. vapor termerature. This water
cut was removed from the liquid receiver and the still temperature
slowly raised. At a pot temperature of 128°C. and 2 vapor
temperature of 92°C., perchloric acid started to distil over and
was complete when the pot reached 196°C, -and a vapor temperature
of 116°C, This cut of 36.5 gm. was found to be 41,64 perchloric
acid and 2,95 sulfuric acid, The residue of 206.5 gm. was found
to be 95.15 sulfuric acid (based on SOj = content) with 27

o LU LT VY

perchloric acid.
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